IntroductIon
Chronic renal failure (CRF) has had an alarming increase in incidence, and it is considered a world health problem. 1 In Brazil, there has been an increase of 8.8% per annum in the dialysis population since the year 2001. 1 CRF can be defined as the progressive and irreversible loss of kidney function for at least three months, having a kidney structural or functional lesion; or glomerular filtration rate less than 60 mL/min/1.73 m 2 . 1 In its more advanced stages, the so-called renal replacement therapy (RRT) is necessary, which can be performed by hemodialysis (HD), peritoneal dialysis (PD) -which may be divided into continuous ambulatory peritoneal dialysis (CAPD), automated peritoneal dialysis (APD), intermittent peritoneal dialysis (IPD) and renal transplantation (TX).
PD was popularized after the advent of CAPD, because it enables the patient to undergo treatment at home, favoring better adaptation to social and work activities. However, this treatment mode bears complications, such as peritonitis and peritoneal fibrosiswhich may progress to encapsulating peritoneal fibrosis, greatly limiting its use. Peritoneal fibrosis is the main morphological change that occurs in CAPD. The pathophysiology is complex, in which there may be peritonitis, PD solutions acidic pH, uremia per se. 2 In the early 1970s, scientists discovered polypeptides that inhibit the DOI: 10.5935/0101-2800.20130046 formation of angiotensin II or block their receptors. Several experimental studies have shown that the renin-angiotensin system (RAS) has important physiological and pathophysiological functions. Subsequent to these findings, there was a great interest in developing a new class of agents that acted in this system by inhibiting its deleterious actions, thus creating the ACE inhibitors. Later studies revealed that ACE inhibitors acted on the pathophysiological mechanism of hypertension, kidney and heart failure. 3 Studies are being carried out to evaluate its antifibrotic action because a study showed the existence of an independent renin-angiotensin system in various organs, 4 including the peritoneum. ACE inhibitors are currently inexpensive drugs available in the public healthcare network, and besides its antihypertensive efficacy, they have effects on the cardiovascular system by inhibiting the deleterious actions of angiotensin and its kidney protective effect.
Considering the need to reduce the occurrence of these complications, we developed an experimental study in an animal model using peritoneal dialysis solution with 4.25% hypertonic glucose. This model was based on the model developed by Ishii et al. 5 Authors such as Bui et al. 6 and Baroni et al., 7 performing daily infusion of hypertonic peritoneal dialysis solution, used the N-acetylcysteine and statins, respectively, to assess the ability to protect the peritoneum by the peritoneal irritant agent. Angiotensin-converting enzyme inhibitors (ACE inhibitors) have the ability to modify the course of disease in various organs such as kidneys, heart and lungs.
Due to the increasing number of patients on PD as RRT, our study evaluated the inhibitory effects of captopril -an ACE inhibitor in peritoneal fibrosis, with the intent to create the possibility of chronic kidney patients to have a preventive therapy for peritoneal fibrosis in PD, which often mandates a change in dialysis treatment.
Methods
This study was approved by the Ethics Committee for use in Animals (CEUA) of the Pontifical Catholic University of Paraná (PUC-PR). The experiments were performed according to the Brazilian Committee for animal studies (COBEA).
This was a prospective controlled study in experimental animal model. Twenty male Wistar rats (Rattus norvegicus albinus, Rodentia mammalia) at 90 days of age and weighing between 250-300g we included in the study. They were divided into two groups: experimental and control, with ten animals in each. They were kept in proper cages, with a maximum of five animals in each cage, at 21°C of room temperature with 12h light-dark cycle. The animals were tagged and placed in cages with free access to food and water. They were assessed and weighed daily.
All rats were subjected to daily abdominal puncture in the left lower quadrant, using a 25 x 7 needle. A commercially available peritoneal dialysis solution was infused with 4.25% glucose, once a day. The infused dose was 10 ml/100g/body weight. The animals were divided into control and experimental groups with ten animals each and followed for 21 and 49 days, when they were euthanized. The experimental group received 30 mg/kg/wt solution of captopril orally by gavage once a day, through an adequate enteral tube used for studies in rats. This solution contained 1 mg/ml prepared by the pharmacy at PUC-PR. The control group did not receive captopril.
On days 21 and 49, we analyzed five animals from the control and experimental groups. These were anesthetized with ketamine and xylazine, administered intramuscularly. A surgical procedure was carried out with removal of the spleen for analysis of the visceral peritoneum and one square centimeter of the right upper quadrant of the abdominal wall in order to assess the parietal peritoneum. Euthanasia was performed with a lethal anesthetic dose. Samples of the abdominal wall and spleen were sent to the laboratory of experimental pathology at PUC-PR for histological analysis. The material was prepared in five-micron-thick paraffin. We stained it with hematoxylin-eosin (HE) and Sirius-red (SR) trichrome. The pathologist did a blind analysis of the samples. We marked ten fields in the samples sent, and ten measures in these fields, in which we assessed cell reaction by counting mononuclear cells per field and measured peritoneal thickness, according to the methodology used by the laboratory.
The results obtained in the study were expressed as mean, standard deviation, median, minimum and maximum values. To compare the groups we used the nonparametric Mann-Whitney test. P values < 0.05 were considered statistically significant. The data was analyzed using the Statistica v.8.0 software.
results
During this study, four animals died and at the end of the experiment and the sample was: control group 21 days: three animals; control group 49 days five animals; experimental group 21 days: five animals in the control group and at 49 days we had three animals. The deaths in the control group had no defined cause and in the experimental group it was related to trauma during gavage. Table 1 shows the parietal peritoneum thickness. We found a reduction in thickness of the visceral peritoneum in both experimental groups at 21 and 49 days, without statistical significance when compared with the control group at the same time frames.
We also found thickness of the visceral peritoneum, though to a lesser degree, which can be explained by the quadruped position of the animal, causing the peritoneal solution to be in greater contact with the parietal peritoneum surface. The experimental group also had a trend towards lower thickness compared to the control group in the same periods, as seen on Table 2 .
The analysis of the mature visceral collagen variable showed greater deposition in the control group both at 21 and 49 days, with a trend toward lower deposition in the experimental groups at the same time frames. This analysis can be seen on Figure 1A .
Upon assessing the young visceral collagen variable, we found a statistically significant reduction, p-value of 0.016 in the 49 days experimental group, compared with the control group during the same period. At 21 days, there was a tendency for lower deposition in the experimental group. The results are shown on Figure 1B .
The mature parietal collagen variable tended to higher deposition in the experimental group at both time frames 21 and 49 days; although without statistical significance. This finding is shown on Figure 1C .
The young parietal collagen variable had the same behavior of the young collagen variable, being higher in the experimental group. This result is shown on Figure 1D .
The visceral peritoneum cellular reaction is summarized on Table 3 .
The parietal peritoneum cellular reaction is summarized on Table 4 .
The micrographs below, seen on Figure 2 , showed thickening of the visceral and parietal peritoneum and the measurement was carried out in microns (μ).
dIscussIon
This study was carried out in order to evaluate the use of captopril in peritoneal fibrosis, which was caused by the use of dialysis solution with 4.25% hypertonic glucose.
This solution was used for a minimum period of 21 days and a maximum of 49 days of exposure, and we measured the changes caused to the abdominal wall parietal peritoneum and the spleen visceral peritoneum. The choice of these organs aimed to avoid choice bias in the area to be examined.
Peritoneal fibrosis is the major complication vis-à-vis the morphological changes that occur in CAPD. The mesothelial cells undergo a transition to mesenchymal cells, and fibroblasts derived from mesothelium are primarily responsible for the fibrinogenic process. 8, 9 Cellular changes in our study revealed an increase in the number of cells, higher in the experimental group at times 21 and 49 days, in the visceral peritoneum. The parietal peritoneum showed a decrease in the number of cells in the experimental group -it can be inferred that captopril was able to reduce the inflammatory reaction in the parietal peritoneum, although without statistical significance.
Parietal peritoneum thickness was lower in the experimental group at both periods 21 and 49 days, although without statistical significance.
The visceral peritoneum mature collagen variable was lower in the experimental group on days 21 and 49 of the experiment compared to the control group. The young collagen also appeared at a lesser extent in the experimental groups, compared to what was expected.
The results revealed a tendency towards the beneficial effects of captopril, but the data was not statistically significant and it may be related to the small sample size.
The models of experimental peritoneal sclerosis may use several peritoneal cell irritants, such as asbestos, iron dextran, sodium hypochlorite and silica, causing hydrogen peroxide production by mesothelial cells, which in contact with the PD glucose solution increased substantially. 10 Several hypotheses have been considered to explain the peritoneal changes that occur during the PD, and the main one is that PD solutions are biocompatible, leading researchers to develop new solutions which could be less irritating to the peritoneum, e.g. icodextrine. 11 Sawada et al. 12 used an experimental model in Wistar rats, which develop peritoneal fibrosis by use of a solution of 0.1% chlorhexidine and 15% ethanol diluted in saline, reproducing peritoneal sclerosis similar to the macroscopic findings of clinically observed peritoneal sclerosis. These authors evaluated the therapeutic potential of ACE inhibitors, noting that quinalapril was able to reduce the fibrosis effects. Still with this model, Bozkurt et al. 13 studied N-acetylcysteine as an anti-fibrotic agent, which did not prove effective, but showed promising anti-inflammatory effects.
Ultrafiltration failure is a common complication of CAPD, with greater prevalence along the years of treatment in this modality. Enalapril, an ACE inhibitor, widely used in medical practice as an antihypertensive agent, significantly reduced the production of TGF-B 1 (B 1 growth factor), but the peritoneal thickening was partially reduced. They concluded that TGF-B 1 inhibition by enalapril can preserve peritoneal function. 14 Renin angiotensin system (RAS) block by lisinopril, ACE inhibitor or valsartam -an angiotensin receptor blocker (ARB) had a protective effect on the peritoneal membrane against the effects of hypertonic glucose. 15 ACE inhibitors have been studied by authors as antioxidants in the prevention of fibrosis in various organs, i.e. kidneys, lungs, heart and pancreas, with very pleasing results. Chronic kidney patients usually have hypertension and they frequently need to use antihypertensive medication. ACE inhibitors are among the most prescribed drugs. Captopril was the drug of choice in this study because it is commonly used, with well-established side effects, it is commercially available at low cost and it is also available in the public healthcare system, facilitating its acquisition.
conclusIon
Captopril did not prove to be statistically significant in reducing peritoneal fibrosis induced in rats by hypertonic glucose solution.
This finding in this study may be related to the small sample size, and new studies should be carried out using a sample with a larger number of animals.
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